Three new 15-hydroxy-trinor type (1-3), a new tetranor type (4), and two new 3,15,23,24-tetrahydroxy-16-oxo type cycloartane glycosides (5, 6) were isolated from the rhizome of Cimicifuga heracleifolia KOMAROV. Their structures were determined by the use of the 2D-NMR techniques and chemical evidence.
Regular Article Cimicifuga Rhizome, originated from a rhizome of the genus Cimicifuga plants, have been used as anti-inflammatory, analgesic and antipyretic remedies in Chinese traditional medicine. Cimicifuga species have been extensively investigated and many cycloartane glycosides have been isolated. 1) In our search for a cycloartane glycosides with a unique structure, the cycloartane glycosides such as two tetranor type, 2) five 15,16-seco type, 3, 4) two 15-deoxycimigenol type, 5) and three 24-epi-cimigenol type 5) have been isolated from the rhizome of Cimicifuga heracleifolia KOMAROV. Further detailed investigation of the extract of the rhizome of C. heracleifolia resulted in the isolation of three new 15-hydroxy-trinor type (1-3), a new tetranor type (4), and two new 3,15,23,24-tetrahydroxy-16-oxo type cycloartane glycosides (5, 6) . This paper describes their structural elucidation based on the physicochemical and chemical evidence.
Results and Discussion
The methanolic extract of the rhizome of C. heracleifolia was partitioned into a chloroform-water solvent system. The chloroform-soluble portion was subjected to MCI gel CHP20P, octadecyl silica gel (ODS), and silica gel column chromatographies and finally HPLC to give eight cycloartane glycosides (1) (2) (3) (4) (5) (6) (7) (8) . Compounds 7 and 8 were identified as 24-O-acetyl-7,8-didehydro-hydroshengmanol xyloside and 24-epi-24-O-acetyl-7,8-didehydro-hydroshengmanol xyloside, based on their physical and spectra data. 6) The molecular formula of compound 1, C 32 H 50 O 9 Tables 1, 2 ). The structural assignment was achieved by the 1 H-1 H correlation spectroscopy (COSY), heteronuclear multiple quantum coherence (HMQC), and heteronuclear multiple bond connectivity (HMBC) experiments. The acid hydrolysis of 1 with 2.0 M hydrochloric acid afforded D-xylopyranose, the structure of which was confirmed by the 1 H-NMR coupling pattern and optical rotation using chiral detection in the HPLC analysis. The aglycon decomposed under an acid condition.
Twenty-seven carbon signals due to the aglycon moiety observed along with 5 carbon signals due to the sugar moiety in the 13 C-NMR spectrum ( Table 2) . The 1 H-1 H COSY and HMBC led us to the plane structure of 1 as 3,15,16,24-tetrahydroxy-25,26,27-trinor-16,24-cyclo-cycloartane-23-one 3-O-xylopyranoside (Fig. 1) . The long-range correlations be- (Fig. 1) . The anomeric center of the D-xylopyranose unit was determined to be b configuration from the 3 J 1Ј-H-2Ј-H value. As a result, the anomeric center was determined to be R configuration. 7) the absolute configuration of which was elucidated on the basis of the spectroscopic data and single-crystal X-ray data analysis. Furthermore, a comparative study of the 13 C-NMR spectrum of 1 with that of 26-deoxyactein revealed identical signals due to the D-xylopyranose unit and 2-C (b-C), 3-C (a-C), and 4-C (bЈ-C) in the A ring of the aglycon moiety. In consideration of glycosylation shifts, 8, 9) the foregoing evidence indicated that 3-C was assigned as S configuration.
The stereochemistry of 1 was characterized by a nuclear Overhauser and exchange spectroscopy (NOESY) experiment, which showed the nuclear Overhauser effect (NOE) correlations between the following proton pairs (3- H and 29-H 3 ; 5-H and 29-H 3 ; 8-H and 18-H 3 ; 8-H and 19-H 2 ; 15-H and  18-H 3 ; 17-H and 21-H 3 ; 17-H and 28-H 3 ; 18-H 3 and 19-H 2 ;  18-H 3 and 20-H; 18-H 3 and 24-H; 19-H 2 and 30-H 3 ) (Fig. 2) .
These NOE correlations suggested D/E cis-ring junction, 3a-H, 15b-H, and 24b-H. In result, hydroxyl group at 16-C was determined to be a configuration. 10) Therefore, the structure of 1 was elucidated to be 3b,15a,16a,24a-tetrahydroxy-25,26,27-trinor-16,24-cyclo-cycloartane-23-one 3-O-b-D-xylopyranoside.
The HR-ESI-MS of compound 2 showed a peak at m/z 599.3201 corresponding to the molecular formula [C 32 (dd, Jϭ4.0, 11.5 Hz)] was superimposable on that of neocimiside, 11) the absolute configuration of which was elucidated on the basis of the spectroscopic data and singlecrystal X-ray data analysis. Therefore, a comparative study of the 13 C-NMR spectrum of 2 with that of neocimiside resulted in 3-C as S configuration.
The NOE correlations between 3-H and 29-H 3 , 5-H and 29-H 3 , 15-H and 18-H 3 , 17-H and 21-H 3 , 17-H and 28-H 3 , 18-H 3 and 19-H 2 , 18-H 3 and 20-H, 18-H 3 and 24-H, and 19-H 2 and 30-H 3 suggested that 3-C, 5-C, 15-C, 16-C, 17-C, 20-C, and 24-C of 2 had the same configurations as 1 had, respectively.
The molecular formula of compound 3 was higher by C 2 H 2 O 2 than that of 2. 2) were almost identical, with the remarkable difference being a cyclopropane methylene, the chemical shifts of which was downfield, and the disappearance of an acetyl methyl. A cyclopropane methylene, which was remarkably shifted to a lower field, suggested the presence of a b hydroxyl group at 11-C. 12) In the The stereochemistry of 4 was characterized by a NOESY experiment, which showed the NOE correlations between the Table 4) . The 1 H-1 H COSY and HMBC led us to the plane structure of 5 as 23,24-diacetoxy-3,15,25-trihydroxy-cycloart-7-en-16-one 3-O-xylopyranoside (Fig. 4) (Fig. 5) . These NOE correlations suggested 3a-H and 15b-H. The anomeric center of the D-xylopyranose unit was determined to be b configuration from the 3 J 1Ј-H-2Ј-H value. From the above evidence, the structure of 5 was elucidated except for the stereo configuration at 23-C and 24-C.
The molecular formula of 6 was determined as C 37 3 , suggested that 3-C and 15-C of 6 had the same configurations as 5 had, respectively.
(23R,24S)-3b ,15,23,24-Tetraacetoxy-25-hydroxy-cycloartane-16-one, which was supposed an analogous structure of 5 or 6, was converted from 24-O-acetylhydroshengmanol on acetylation with acetic anhydride in pyridine. 13) This evidence presumed that the peracetate of 5 or 6 was converted from 24-O-acetyl-7,8-didehydro-hydroshengmanol xyloside (7) 6) or 24-epi-24-O-acetyl-7,8-didehydro-hydroshengmanol xyloside (8) 6) on acetylation. Acetylation of 5 and 6 with acetic anhydride in pyridine furnished 9 and 10, respectively. Both compounds (9, 10) were obtained by the same treatment of 7 and 8, respectively (Chart 1). On the basis of this evidence, the absolute stereostructure of 5 and 6 were determined as shown.
The previous phytochemical investigations have resulted in the isolation of one 15-hydroxy-trinor-7-en type (15a-hydroxy-foetidinol) 12) and one tetranor-7-en type (12b-acetoxy3b-hydroxy-24,25,26,27-tetranor-cycloart-7-en-23,16b-olide 3-O-b-D-xyloside) 1) from the plant kingdom. To our knowl- 1 H-NMR (7.20 ppm) and 13 C-NMR (123.5 ppm) as an internal standard. The IR spectra was measured with a JEOL JIR-6500W spectrometer. The HR-ESI-MS was recorded with a JEOL JMS-T100LP spectrometer. HPLC was carried out using the Mightysil RP-18 (10.0 mm i.d.ϫ250 mm, Kanto Chemical Co., Ltd., Tokyo, Japan) column with a Tosoh CCPM pump, Tosoh RI-8010 detector, and JASCO OR-2090 detector. TLC was performed on pre-coated silica gel 60 F 254 (Merck Ltd., Tokyo, Japan), and detection was achieved by spraying with 10% H 2 SO 4 followed by heating. Column chromatography was carried out on silica gel 60 (230-400 mesh, Merck Ltd., Tokyo, Japan), ODS (Bondapak C 18 Cartridge 15-20 mm, Waters Corp.), and MCI gel CHP20P (Mitsubishi Chemical Ind.).
Plant Material Cimicifuga Rhizome from Cimicifuga heracleifolia KOMAROV was purchased from Uchida Wakanyaku Co., Ltd. (Chuo-ku, Tokyo, Japan). This dried rhizome originated from Heilungkiang Province in China. The identification was undertaken by Uchida Wakanyaku Co., Ltd.
Extraction and Isolation Cimicifuga Rhizome (20 kg) was extracted with MeOH at room temperature for six months. The MeOH extract (2 kg) was partitioned between the chloroform-soluble (1046 g), water-soluble (941 g) and insoluble (12 g) portions. The chloroform-soluble portion (298 g) was subjected to MCI gel CHP20P column chromatography (Tables 3, 4) . Sugar Analysis A solution of each compound (1, 2, 3, 4 , 5, or 6) (1 mg) in 2 M HCl/dioxane (1 : 1, 2 ml) was heated at 100°C for 1 h. The reaction mixture was diluted with H 2 O and evaporated to remove dioxane. The solution was neutralized with Amberlite MB-3 and passed through a SEP-PAK C 18 cartridge to give a sugar fraction. The sugar fraction was concentrated to dryness in vacuo to give a residue, which was dissolved in CH 3 CN/H 2 O
